ABSTRACT The objective of this study was to determine the inevitable endogenous amino acid (AA) loss at the terminal ileum of broilers that were fed diets with 2 different fiber levels using a regression approach. The design of the study was a randomized complete block employing a factorial arrangement of treatments with 3 CP levels (50, 90, and 130 g/kg) and 2 fiber levels. The fiber level was adjusted by inclusion of cellulose at the expense of cornstarch. The AA pattern of the CP was the same in all diets. Titanium dioxide was used as indigestible marker. Six cages of 8 birds were allocated to each diet. The experimental diets were offered for ad libitum consumption for 3 d, starting on 21 d of age. Digesta were sampled on a cage basis from the distal two-thirds of the intestine section between Meckel's diverticulum and 2 cm anterior to the ileo-ceca-colonic junction. Inevitable endogenous CP and AA losses were determined by extrapolating the linear regressions between intake and prececal flow toward zero intake. The inevitable losses of CP and AA, expressed in relation to DM intake, were significantly increased by increased cellulose inclusion in the diet. Amino acids with the greatest loss were Glu, Asp, and Thr, whereas Met was the AA with the lowest loss. The ranking of the concentrations of AA of inevitable CP loss was very similar between the 2 fiber levels. This ranking also was similar in comparison to published values for the endogenous AA losses in broilers. It was concluded that the fiber level in the diet can affect the amount of AA inevitably lost at the terminal ileum and that all AA are affected to a similar extent. The results suggest that there is no effect of enhanced fiber level in the diet on AA composition of prececal endogenous CP loss in broilers. These findings can be considered in modeling the AA requirements of broilers.
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INTRODUCTION
The amino acids (AA) reaching the end of the ileum are a loss to the bird because postileal absorption of AA is not relevant. They originate from indigestible feed proteins and secreted endogenous proteins. Secretion of endogenous AA occurs even in the situation of zero AA intake. This amount is an inevitable endogenous loss (IEL) and therefore needs to be known when the requirement of an animal is modeled. The IEL of AA is caused by salivary and digestive secretions as well as sloughed epithelial cells (Souffrant, 1991) and is seen to be related to DM intake (DMI; Butts et al., 1993) rather than to a specific feed. Studies with pigs have shown that different sources of dietary fiber like cellulose or pectin increase the endogenous AA losses at the terminal ileum (Taverner et al., 1981; De Lange et al., 1989) . This indicates that IEL in relation to DMI is not a constant but may be affected by (nonnitrogenous) feed components. In a study utilizing roosters that were force-fed N-free diets, Parsons et al. (1983) found that AA excretion was higher when a high-fiber diet was used in comparison with a low-fiber diet. The highfiber diet in their study contained 17.5% cellulose, 7.5% pectin, and 25% raw potato starch, whereas the lowfiber diet was composed mainly of corn starch (50%) and glucose (45%). In hens that were force-fed N-free diets, the AA excretion was lower when a high-fiber diet that contained 50% cellulose was fed in comparison with a diet that contained 40% uncooked potato starch together with 10% citrus pectin (Parsons, 1984) . This difference between the diets was found in both intact and cecectomized hens, with the difference being greater for intact hens. The relevance that dietary fiber may have for the IEL of AA at the terminal ileum of broilers is not clear from the studies of Parsons et al. (1983) and Parsons (1984) . This is because the diets contained very high levels of cellulose or other fermentable substrates, feed was not supplied continuously, and measurements were made on the basis of total excreta collection. We are not aware of any study with broilers that looked into the effects of fiber fractions on the IEL of AA at the terminal ileum.
Different methods have been used to study IEL or endogenous AA losses in general. Estimates were based on studies using N-free diets (Sibbald, 1987) or sources of highly digestible protein (e.g., casein; Ravindran et al., 2004) , the peptide alimentation method using enzymatically hydrolyzed casein (Ravindran and Hendriks, 2004a) , or the homoarginine method using guanidination reaction (Siriwan et al., 1994) . The flow of AA was regressed against the dietary levels of casein (Adedokun et al., 2007a,b) or enzymatically hydrolyzed casein (Golian et al., 2008) . For the estimation of endogenous AA losses under typical feeding conditions, all methods are subjected to certain limitations and disadvantages (Nyachoti et al., 1997; Ravindran and Bryden, 1999) . Furuja and Kaji (1989) stated that the linear relationship can be used to estimate the IEL of AA in pigs. The regression method is more suitable to estimate these losses, but it is important to incorporate an appropriate range of graded dietary levels of AA in the design (Fan et al., 1995) .
It was the objective of this experiment to study the IEL of AA at the end of the ileum at different dietary fiber concentrations in broilers. Cellulose was used as the fiber source to vary the crude fiber level in the diets.
MATERIALS AND METHODS

Diets
The approach was to use different CP levels with intentionally similar AA pattern and to estimate IEL for 2 crude fiber levels by linear regression analysis. The experiment followed a 2 × 3 factorial arrangement of treatments with 2 crude fiber levels (30 and 80 g/ kg) and 3 CP levels (50, 90, and 130 g/kg) ( Table 1) . Very low CP levels were chosen to minimize the SE of estimate for the intercept in the regression analysis. Different CP concentrations were achieved by replacing cornstarch with the AA providing ingredients in a constant ratio. The purified α-cellulose (Jeluxyl WEHO 500 S, Jelu, Rosenberg, Germany; crude fiber: 746 g/kg) was included also at the expense of cornstarch. Titanium dioxide was added to each diet as an indigestible marker. The diets were pelleted without steam through a 3-mm die. The results of proximate nutrients and AA analyses for the experimental diets are presented in Table 2 .
Birds and Experimental Protocol
The experiment was conducted in the Research Centre for Animal Sciences of the University of Halle (Germany). All experimental procedures were approved by the University Welfare Committee. Three hundred sixty 1-d-old male broiler chickens (Ross 308) were obtained from a local hatchery (Geflügelhof Möckern, Möckern, Germany). Until 21 d of age, the birds were fed a commercial starter diet. On d 21, all birds were weighed, and the number of birds per pen was reduced from 10 to 8 to decrease the variation in BW. The birds were kept in wire cages, and 6 replicated cages were allocated by random to each treatment. The experimental diets were offered for ad libitum consumption for 3 d. This period was kept short because we expected a severe reduction in feed intake for the low CP levels. At the end of the experimental period, all birds were weighed again and asphyxiated by CO 2 exposure. The body cavity was immediately opened and the section between Meckel's diverticulum and 2 cm anterior to the ileo-ceca-colonic junction was dissected. Only the terminal two-thirds of this section were used for digesta sampling (Kluth et al., 2005b) . Digesta was gently flushed out with distilled water and pooled from all birds within 1 cage, immediately frozen at −18°C, freeze-dried, and ground through a 0.5-mm screen for later analyses.
Chemical Analyses and Calculations
Dietary concentrations of proximate nutrients were analyzed according to the Verband Deutscher Landwirtschaftlicher Untersuchungs-und Forschungsanstalten official methods (Naumann and Bassler, 1976) . Crude protein was calculated as N × 6.25. Nitrogen was determined by using the Kjeltec Auto 1030 Analyzer (Tecator AB, Höganäs, Sweden). Amino acid analysis followed standard procedures (Naumann and Bassler, 1976 ) with laboratory details as described by Rodehutscord et al. (2004) . In brief, after a performic acid oxidation step, samples were hydrolyzed in 6 N HCl. Norleucine was used as the external standard. Because Trp is destroyed during acid hydrolysis and His and Tyr are degraded during performic acid oxidation, these AA were not determined. Amino acids were separated and detected by an AA analyzer (Biochrom 30, Biochrom Ltd., Cambridge, UK), using various citrate buffer solutions and ninhydrin. Extinction was determined at 570 nm, with the exception of Pro, which was measured at 440 nm. The concentrations of TiO 2 in the diet and digesta samples were determined by using the method described by Brandt and Allam (1987) .
The digestibility coefficient (DC) of AA and CP for each diet was calculated on a cage basis according to the following equation:
where TiO 2 Diet and TiO 2 Digesta = analyzed concentrations of TiO 2 in the diet and digesta samples (g/kg) and AA Diet and AA Digesta = analyzed concentrations of AA in the diet and digesta samples (g/kg). This calculation was also made for CP.
Data for AA digestibility of the experimental diets were subjected to 2-way ANOVA procedures using the software package Statistica 6.0 (StatSoft Inc., Tulsa, OK). Data for AA intake and digested amounts were calculated for each pen and expressed as milligrams per kilogram of DMI. The flow at the terminal ileum is the AA intake subtracted by the digested amount. Linear regressions between the flow at the terminal ileum and intake were calculated for CP and individual AA, separately for both crude fiber levels. Calculations were made using GraphPad Prism 4.02 (GraphPad Software Inc., San Diego, CA). The IEL was obtained from the calculated regression equations as the estimated intercept at zero intake. The effect of the crude fiber level was tested at a level of significance of P < 0.05. The AA composition of endogenous CP was expressed as grams of AA per 100 g of CP.
RESULTS
The mean BW of the chickens was 872 g (SD 103 g) and 921 g (SD 135 g) at the beginning and the end of the experimental period, respectively. The BW gain was low in all treatments during this period because of the deficient CP content of the experimental diets. The increased CP content of the diets caused a significant increase in feed intake. The mean daily intake was 61 g (SD 11 g), 82 g (SD 13 g), and 114 g (SD 8 g) for the diets containing 50, 90, and 130 g/kg of CP, respectively. The inclusion of cellulose had no effect on feed intake.
As expected, the main effect of CP on apparent digestibility was highly significant for all AA and CP, and digestibility was improved with increasing CP level in the diet (Table 3) . Digestibility was also affected by the crude fiber level, but this effect was less consistent and significant for only Ala, Glu, Gly, Leu, Phe, Ser, and Thr.
Regression equations were calculated to describe the AA flow at the end of the ileum in dependence on AA intake and the intercepts were taken as estimates for IEL (Table 4) . At the low crude fiber level, the estimate for IEL of CP was 11.7 g/kg of DMI. The IEL for individual AA ranged between 1,093 (Glu) and 168 mg/kg of DMI (Met). Among the essential AA, Thr was the one with the highest estimate for IEL (703 mg/kg of DMI). The estimated IEL of CP at the high crude fiber level was 16.3 g/kg of DMI. Among the nonessential AA, the flow of Glu was highest (1,467 mg/kg of DMI). As on the low crude fiber level, Thr and Met were the essential AA with the highest and lowest estimate of IEL (901 and 186 mg/kg of DMI, respectively). The slopes of the regression lines varied between 0.03 (Arg, low fiber level) and 0.16 (Asp, high fiber level) and were not different between the fiber levels ( Table 4) . The AA composition of the endogenous CP loss was similar for the 2 crude fiber levels (Table 5) . Glutamic acid and Asp had the highest and Met the lowest concentration in endogenous CP.
DISCUSSION
Several methods have been used to estimate the amount of endogenous AA flowing at the terminal ileum (Parsons et al., 1983; Parsons, 1986; Siriwan et al., 1994; Ravindran et al., 2004 ; Ravindran and Hendriks, 2004a). As in previous investigations (Short et al., 1999; Kluth et al., 2005a; Kluth and Rodehutscord, 2006) , the linear relationship between AA digested up to the terminal ileum and the AA intake formed the basis for the interpretation of the results from the present study. The intercept of this regression represents the flow or IEL of AA at the terminal ileum. Based thereupon, the endogenous AA were determined by using different CP contents and by regressing against zero intake. Feeding diets with low CP is an indispensable precondition of this method. Similar investigations were done by Adedokun et al. (2007a,b) , using a graded dose of highly digestible casein in broilers and turkeys. The IEL of essential AA was by a factor of 2 to 8 higher in this study than in the study of Adedokun et al. (2007b) using 21-d-old broilers. This great difference is difficult to explain, but we assume that it was caused by differences in methodological details. Rutherfurd et al. (2004) concluded that a large variation exists between endogenous AA flows determined in different laboratories but also within the same laboratory. They suggested that the variation can occur due to differences in the age of the birds and also the sources of protein that were used in the diets. Casein was used by Adedokun et al. (2007b) to increase the AA intake of the birds, whereas we have used a mixture of different plant proteins. These plant protein sources also contributed to the variation in fiber intake and may have affected intestinal viscosity. Another difference was that the level of feed intake was higher in the present study than in the study of Adedokun et al. (2007b) . Although we have expressed IEL in dependence on DMI, it is not clear whether DMI is the only factor determining the amount of AA inevitably lost. Ravindran and Hendriks (2004b) found that the endogenous AA at the terminal ileum, expressed in relation to DMI, were significantly higher in 42-d than in 14-d-old broilers. This indicates that it may not be appropriate to express IEL of AA in dependence on DMI.
The focus of the present study was to investigate whether the inevitable loss of endogenous AA at the terminal ileum in broilers is affected by different contents of cellulose in the diet. The results show that Glu, Asp, and Thr were the AA with the highest IEL, irrespective of the content of cellulose in the diet. The lowest contribution to the IEL of CP came from Met. This confirms results of Parsons et al. (1983) , who also found that Glu and Asp were the most and Met the least excreted AA in roosters that were force-fed N-free diets with different fiber levels. Similar data were reported by Ravindran and Hendriks (2004a) for broilers, laying hens, and roosters, using the peptide alimentation method. Furthermore, relatively high contents of Pro were obtained from broilers, Thr from laying hens, and Ser from roosters. Adedokun et al. (2007b) measured endogenous AA flows in chickens at different ages (d 5, 15 , and 21 of life) using a protein-free diet or regression analysis after using different casein levels. Both methods led to similar results for 15-and 21-d-old birds. The dominant AA were Glu, Asp, and Gly at d 21. It has also been shown that among the essential AA, Leu and Thr were those with the highest and Met the one with the lowest flow. The same observations were made in 15-and 21-d-old turkeys, but the flow of Thr was higher than the flow of Leu (Adedokun et al., 2007a) . Similar results were found by Golian et al. (2008) , who applied the regression approach to 21-d-old broilers.
Many studies in pigs have shown that the most abundant AA in endogenous protein were Glu, Asp, Gly, and Thr (Taverner et al., 1981; Sauer et al., 1991; Butts et al., 1993) . These AA contribute a high proportion of AA to mucous glycoproteins and bile (Souffrant, 1991; Lien et al., 1997) . Taverner et al. (1981) assumed a low absorption of these AA from the intestine compared with other AA. The low content of Met especially may be a result of its higher absorption compared with other AA (Webb, 1990) .
The present study showed a significant increase in CP and AA flow at the terminal ileum when the cellulose level in the diet was increased. This effect of supplemental cellulose was previously demonstrated in pigs (Taverner et al., 1981; De Lange et al., 1989; Sauer et al., 1991) , but hitherto no information was available about the effect of this fiber source in broilers. Cellulose supplemented together with raw potato starch and pectin also increased the AA excretion of roosters fed N-free diets (Parsons et al., 1983) . As noted by De Lange et al. (1989) , the effect of cellulose may be mediated by the mechanical effect of fiber or their reduced digestion and absorption caused by changing the physical structure (Bergner et al., 1981) . Larsen et al. (1993) investigated the effect of dietary fiber viscosity on the excretion of endogenous protein in growing rats. Feeding highly viscous cellulose significantly increased the flow of N and AA. Larsen et al. (1993) also supposed that the secreted endogenous N and AA be impaired for subsequent reabsorption by the more viscous dietary fiber source. The intake of viscous indigestible polysaccharides led to changes in the exo- crine pancreatic-billiary function in rats (Ikegami et al., 1990) . A reduction of diffusion processes of substrates and enzymes in the intestine and their effect on the interaction at the mucosal surface were supposed. The composition of the endogenous CP loss has been dominated by Glu, Asp, and Thr (Table 5) . Feeding the diets with the high crude fiber level led to a significant higher endogenous CP loss, but the AA composition of the lost CP was less affected. These results are similar to those reported in rats (Darragh et al., 1990) , pigs (Taverner et al., 1981; Butts et al., 1993) , laying hens, and roosters (Ravindran and Hendriks, 2004a ). In contrast, the excretion of individual AA was differently affected by a high-fiber diet in the study with roosters by Parsons et al. (1983) . The reason perhaps was that in the latter study, the high-fiber diet contained not only cellulose but also pectin and raw potato starch, which may have effects on postileal microbial fermentation and AA excretion different from the supplementation of only cellulose. To our knowledge, only a few published investigations are available to compare the AA composition of endogenous CP in broilers. Ravindran and Hendriks (2004b) compared broilers at 14 and 42 d posthatching and used the peptide alimentation method to determine the endogenous CP loss. The protein flow obtained in older birds was higher compared with those determined for younger birds, but the AA content of endogenous protein was relatively constant and not influenced by the age of the broilers. The major AA were Glu, Asp, Pro, and Thr. The studies of Ravindran et al. (2004) investigating the suitability of protein-free diets, guanidinated casein, and enzyme-hydrolyzed casein methods for the quantification of endogenous AA flow in 35-d-old broilers have shown similar results. Independent of the method, Glu, Asp, and Gly (enzymehydrolyzed casein) and Thr were the AA with the highest content in endogenous CP (Table 6 ). The AA with the lowest concentration was Met.
It can be concluded that enhanced levels of cellulose lead to increased CP and AA flows at the terminal ileum in broilers. Glutamic acid, Asp, and Thr were the AA with the highest flow, independent of the cellulose level. It is assumed that higher levels of cellulose in the diet do not affect the AA composition of endogenous CP. Ravindran et al. (2004) .
